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C hem 444A, Fire & Ice    Gas Properties 
Start up the PhET “Gas Properties” simulation.    
This set of questions will ask you to review the simulation and your notes and observations to see if you 
are in agreement, and to extend the ideas.   Use a Recorder Report form to write out ONLY for items 
with *.  These may be shared with whole class. 
1. Put 10 blue atoms in the box to watch.
a. Does the speed of an atom change over time? Yes 
b. If it changes, what event causes the change? Collisions with other atoms 
c. There are a limited set of possible outcomes when two atoms collide and a change in
speed results.    Which is consistent with what you see?
(1) Both speed up.
(2) Both slow down.
(3) One speeds up and the other slows down.
(4) One changes speed and the other does not.
d. Think about energy.  What must happen with energy when atoms collide. Write down
your idea.  Share this idea with the other group at the table to see whether you agree.
The one that moves faster gained energy; the other lost energy, so it moves slower.
e. Ask me to come over to listen to your idea.  I will provide you additional information.
Present Kinetic Energy as energy of motion and the physics formulation of  ½ mv2 .
f. If you were to calculate the total kinetic energy of atoms in the box at any point in time,
what would you do mathematically?   How would that total change (or not) over time?
If you wanted to express this as an average, what would you do next mathematically?
Calculate KE for each particle based on its v, then sum.  Not change over time (no losses)
Divide by number of atoms to get average.
*g. Devise a statement that summarizes what happens to the kinetic energy of individual 
particles in the box vs the average kinetic energy of the group of particles in the box  
over time. 
In a collection of colliding gas atoms, energy is being exchanged with every collision, but 
the total energy in the system stays fixed, so the average kinetic energy stays the same. 
Purpose: This reaffirms the sense that individual particles are moving chaotically, changing speeds 
and direction with collisions, that energy exchanges during collisions, but that the average speed stays 
the same and the total energy is fixed.        No disagreement on this around room. 
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Purpose: Now to mixtures and effect of mass on relative motion, using KE = ½ mv2 
2. Put 50 heavy blue atoms and 50 light red atoms in the box and display energy histograms and let
the system settle.  Then …
a. Does the average speed of the heavy blue atoms change over time?     NO
b. Does the average speed of the light red atoms change over time?     NO
c. Describe the average speeds of the heavy atoms relative to the light atoms.
Heavier ones are moving more slowly on average.
d. Are the blue and red atoms at the same temperature?   How do you know?
Thermometer reads one value.  Could look at KE graph for each atom in absence of
other.  Graph doesn’t change shape.
*e. If the heavy and light atoms are at the same temperature, how is it possible that they
are moving at different average speeds?  Share your explanation with the other group at
your table, and then call me over to explain to me.
Bring KE equation into it.  Make proportional argument given fixed mean KE
*f. Sketch the speed distributions of the blue and red atoms on a single graph.  Add to this
the distributions of a species that has a larger mass than the blue atoms, and a smaller
mass than the red atoms.
Extension of visual relationships on speed and mass.
They were OK with both of these even drew the graph on their own.
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Purpose: Links temperature to motion, and heat as something that creates a change in that. 
  Establishes concept of absolute zero. 
3. Put about 50 heavy blue atoms into the box. 
 a. From your pre-class exploration, you should know a way to increase or decrease the  
  average speed of these atoms.   Show how with the simulation. 
  Convert this observation into a simple statement of cause and effect. 
 b. If you have not already done this in 3a, modify your statement in order to link also to  
  the idea presented in part 1 about energy.  
  Adding heat increases the speed of the atoms;  removing heat decreases the speed.  Or,  
  adding heat increases the kinetic energy of the group of atoms, and thus the speed. 
 c. If you could not see the atoms in the box, what measurable parameter would confirm  
  for you that the speed of the atoms had increased or decreased?  That parameter would 
  then be a simple indicator of motion.  Share your idea with the other group at your  
  table.   Call me over and explain your idea to me. 
  The parameter would be temperature.  When the group of atoms speeds up (because of 
  gaining heat energy), the temperature also goes up.   And the reverse.    
   T was NOT the  obvious choice for all. 
 *d. Is temperature a cause or an effect? 
  Let’s see what they say. 
  They said it’s a cause AND an effect.  “T causes the speed to change”  “Vol causes T to  
  change” 
 
 e. In your pre-class exploration, you should have been able to make the motion stop.   
  Run the simulation to create this situation.  What is it that has to be done?    
  Keep removing heat.  Eventually the motion stops. 
 *f. The result of 2d suggests that your indicator parameter in 3c has a minimum value that  
  you can’t go below.   In complete sentences, describe the meaning of this in terms of  
  energy and motion.   Share your description with the other group at your table. 
   At some point, enough energy is removes so that atomic motion stops.  It is not possible 
  to have less than no motion, so it is not possible to remove more heat.  If temperature is 
  an indicator of motion, then this should be called “zero” on a temperature scale. 
“Energy can only have a positive reading”  “No matter how far below the threshold you go”.  Language 
was inexact but had the sense that no motion was a bottom.  Could not remove more energy.  Motion 
can not be negative. 
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4. Explore relationship of temperature and volume. 
 Note that you can move the left wall of the container to increase or decrease size.   A change in 
 this linear dimension is exactly proportional to a volume change since all other walls are fixed. 
 Reset simulation.  Inject 200 light red atoms.   Click on “constant pressure”.   This allows the 
 system to adjust to keep the internal pressure the same as the external pressure despite 
 changes in other parameters. 
 Click on “Measurement Tools/Ruler”, and position the ruler so you can measure the distance 
 from left wall (moves) to right (fixed).  This number is the surrogate for “volume”. 
 Now investigate the relationship between temperature and volume.  You have to decide which 
 one to control and how to do it.  BEFORE YOU COLLECT ANY DATA, predict what you think the 
 relationship will be. 
 Obtain at least 6 pieces of data (volume, temperature) over the range of available volumes 
 (caution, there are limits).   
 a. Create a graph of volume vs temperature.     
 b. Describe the relationship between volume and temperature.   Is this consistent with  
  your prediction?   
 c. Why does it do that?   
 *d.  When both working pairs at the table are ready, share your results, and your   
  explanations for 4c and 5c. 
Purpose: I don’t want to develop the integrated gas law.  I do want to relate the volume and  
  pressure of a gas to its temperature.  And to have them link the idea to what is   
  happening at the particulate level.   And to part of the liquid nitrogen demonstration.    
From their answers:    May not know PRESSURE as wall collisions/area.time.   May not have complete 
sense that T change RESULTS from energy input/output.     
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5. Explore relationship of temperature and pressure. 
 Reset simulation.  Inject 200 light red atoms.   Click on “constant volume”.   This just fixes the 
 size of the container. 
 Now investigate the relationship between temperature and pressure.  You have to decide which 
 variable to control and how to do it. 
 Obtain at least 6 pieces of data (pressure, temperature) over the range of the measurement 
 devices. 
 a. Create a graph of pressure vs temperature.    
 b. Describe the relationship between pressure and temperature.    
 c. Why does it do that?   
 *d.  When both working pairs at the table are ready, share your results, and your   
  explanations for 4c and 5c. 
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Start up the PhET “Gas Properties” simulation.       
This set of questions will ask you to review the simulation and your notes and observations to see if you 
are in agreement, and to extend the ideas.   Use a Recorder Report form to write out ONLY for items 
with *.  These may be shared with whole class. 
1. Put 10 blue atoms in the box to watch. 
 a. Does the speed of an atom change over time?   
 b. If it changes, what event causes the change?   
 c. There are a limited set of possible outcomes when two atoms collide and a change in  
  speed results.    Which is consistent with what you see?      
  (1) Both speed up. 
  (2) Both slow down. 
  (3) One speeds up and the other slows down. 
  (4) One changes speed and the other does not. 
 
 d. Think about energy.  What must happen with energy when atoms collide. Write down  
  your idea.  Share this idea with the other group at the table to see whether you agree. 
 e. Ask me to come over to listen to your idea.  I will provide you additional information. 
 f. If you were to calculate the total kinetic energy of atoms in the box at any point in time,  
  what would you do mathematically?   How would that total change (or not) over time?   
  If you wanted to express this as an average, what would you do next mathematically?  
 *g. Devise a statement that summarizes what happens to the kinetic energy of individual  
  particles in the box vs the average kinetic energy of the group of particles in the box  
  over time. 
2. Put 50 heavy blue atoms and 50 light red atoms in the box and display energy histograms and let 
 the system settle.  Then … 
 a. Does the average speed of the heavy blue atoms change over time?      
 b. Does the average speed of the light red atoms change over time?      
 c. Describe the average speeds of the heavy atoms relative to the light atoms. 
 d.  Are the blue and red atoms at the same temperature?   How do you know? 
 *e. If the heavy and light atoms are at the same temperature, how is it possible that they  
  are moving at different average speeds?  Share your explanation with the other group at 
  your table, and then call me over to explain to me. 
 *f. Sketch the speed distributions of the blue and red atoms on a single graph.  Add to this  
  the distributions of a species that has a larger mass than the blue atoms, and a smaller  
  mass than the red atoms. 
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3. Put about 50 heavy blue atoms into the box. 
 a. From your pre-class exploration, you should know a way to increase or decrease the  
  average speed of these atoms.   Show how with the simulation. 
  Convert this observation into a simple statement of cause and effect. 
 b. If you have not already done this in 3a, modify your statement in order to link also to  
  the idea presented in part 1 about energy.  
 c. If you could not see the atoms in the box, what measurable parameter would confirm  
  for you that the speed of the atoms had increased or decreased?  That parameter would 
  then be a simple indicator of motion.  Share your idea with the other group at your  
  table.   Call me over and explain your idea to me. 
 *d. Is temperature a cause or an effect? 
 e. In your pre-class exploration, you should have been able to make the motion stop.   
  Run the simulation to create this situation.  What is it that has to be done?    
 *f. The result of 3e suggests that your indicator parameter in 3c has a minimum value that  
  you can’t go below.   In complete sentences, describe the meaning of this in terms of  
  energy and motion.   Share your description with the other group at your table. 
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4. Explore relationship of temperature and volume.
Note that you can move the left wall of the container to increase or decrease size.   A change in
this linear dimension is exactly proportional to a volume change since all other walls are fixed.
Reset simulation.  Inject 200 light red atoms.   Click on “constant pressure”.   This allows the
system to adjust to keep the internal pressure the same as the external pressure despite
changes in other parameters.
Click on “Measurement Tools/Ruler”, and position the ruler so you can measure the distance
from left wall (moves) to right (fixed).  This number is the surrogate for “volume”.
Now investigate the relationship between temperature and volume.  You have to decide which
one to control and how to do it.  BEFORE YOU COLLECT ANY DATA, predict what you think the
relationship will be.
Obtain at least 6 pieces of data (volume, temperature) over the range of available volumes
(caution, there are limits).
a. Create a graph of volume vs temperature.
b. Describe the relationship between volume and temperature.   Is this consistent with
your prediction?
c. Why does it do that?
*d. When both working pairs at the table are ready, share your results, and your
explanations for 4c and 5c.
5. Explore relationship of temperature and pressure.
Reset simulation.  Inject 200 light red atoms.   Click on “constant volume”.   This just fixes the
size of the container.
Now investigate the relationship between temperature and pressure.  You have to decide which
variable to control and how to do it.
Obtain at least 6 pieces of data (pressure, temperature) over the range of the measurement
devices.
a. Create a graph of pressure vs temperature.
b. Describe the relationship between pressure and temperature.
c. Why does it do that?
*d. When both working pairs at the table are ready, share your results, and your
explanations for 4c and 5c.
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